Poor immune status, the use of a vascular access different from an AV fistula, and intravenous drug use (IDU) may favor increased rates of vascular access infections among HIV infected patients on hemodialysis. Staphylococcus spp. and Streptococcus spp. are the main cause of these infections, but Gram-negative rods and fungi have been found as well. Using an AV fistula when possible, and eliciting a history of IVDU on every visit may prevent this type of infection. When infections are present, coverage for both Gram-positive and negative organisms is recommended. Additional studies specifically addressing the issue of vascular access infection in HIV infected patients are required.
Chronic kidney disease (CKD) is a common finding in HIVinfected patients. Renal replacement therapy with hemodialysis is required in a proportion of them, especially when HIV-associated nephropathy (HIVAN) is present. Vascular access-related infections are a known complication of hemodialysis. In this article, we presented an illustrative case, and we performed a literature search regarding vascular access-related infections among HIV patients undergoing hemodialysis. We searched the Cochrane Central Register of Controlled Trials and MEDLINE, including articles in English language from January 1981 to April 2008. We also searched the reference lists of selected articles. Randomized controlled trials were not found. Observational studies in vascular-access related infections in HIV patients were selected. We found eight studies, (HIV-positive patients = 311). We reviewed the effect of HIV infection in the development of vascular access infection, the effect of the type of access in the development of infection, the microbiology of the vascular infections, and other risk factors for the development of infection.
Case Report
A 34 year-old African American male with HIV-1 infection for 12 years and end-stage renal disease secondary to HIVassociated nephropathy (HIVAN) on hemodialysis for the last six months was admitted for further evaluation of a positive blood culture for methicillin-resistant Staphylococcus aureus (MRSA) obtained during his dialysis session. He complained of fever (103ºF), chills, chest pain, and purulent discharge from his left groin arteriovenous (AV) graft. His past medical history was also relevant for Moraxella catarrhalis pneumonia, bilateral saphenous vein thrombosis, and seizure disorder. The patient's medications included lopinavir/ ritonavir, emtricitabine, and tenofovir, in renally adjusted doses, in addition to monthly inhaled pentamidine for prevention of Pneumocystis jirovecii pneumonia, aspirin, erythropoietin, calcium carbonate, iron sulfate, and valproic acid. At admission, he required intensive care unit monitoring due to significant hypotension (blood pressure: 70/40 mm Hg). He was initially treated empirically with vancomycin, levofloxacin, and gentamicin, in addition to aggressive fluid resuscitation. When the blood cultures drawn on admission and from the AV graft revealed MRSA (susceptible to minocycline,trimethoprim/sulfamethoxazole, and vancomycin), his antibiotics were simplified to vancomycin. Repeated recovery of MRSA from blood cultures despite adequate antimicrobial therapy raised suspicion for deep AV graft infection. The access was surgically removed, after significant amount of purulent material in the tunnel graft and the arterial anastomosis was found. A transthoracic echocardiogram showed a depressed left ventricular function, but no evidence of vegetations, or myocardial abscesses. After the removal of the infected AV graft, repeated blood cultures became negative. He received four weeks of vancomycin and he continues to receive hemodialysis through a permanent central venous dialysis catheter, awaiting for the placement of a new dialysis access.
Background
Since 1981, human immunodeficiency virus (HIV) infection has affected more than a million people in the United States [1] , with an estimated 40.000 newly infected individuals every year [2] . Kidney disease was described early in the HIV epidemic [3] . It is particularly common among patients not receiving antiretroviral therapy, affecting up to 30% of HIV patients. Kidney disease is associated with progression to AIDS and death [4] . The etiologies of chronic kidney disease in HIV-infected individuals are multiple (Table 1) . However, the most common cause of end-stage renal disease in HIVinfected individuals undergoing hemodialysis is HIVassociated nephropathy (HIVAN), which is a collapsing form of focal segmental glomerulosclerosis [3, 4] . HIV-infected individuals may require renal replacement therapy [4] .
The methods of renal replacement therapy in HIV-infected individuals with kidney disease include, as in the general population, hemodialysis or peritoneal dialysis. In 2000, almost 2% of dialysis patients were reported to have either HIV or AIDS [4] . However, the true incidence and prevalence may be higher due to incomplete reporting and heterogenous case distribution. For example, HIV-infected individuals constituted up to 40% of dialysis patients in urban centers in the pre-HAART era [5] . Based on a 2002 study on survival among HIV-infected individuals using the United States Renal Data System (USRDS), a national database system that collects, analyzes, and distributes information about end-stage renal disease in the United States, 6179 individuals with HIVAN or HIV infection on dialysis were identified [6] . USRDS comprises more than 90% of the individuals requiring hemodialysis in the United States [7] . African Americans account for the majority of patients with HIV infection undergoing hemodialysis [2, 4] . Antiretroviral therapy has shown survival benefits in HIV individuals [8] , including patient undergoing hemodialysis; however, the overall survival is still lower than HIV-negative individuals on dialysis [6] . Since diabetes and cardiovascular disease are increasing among the HIV-infected population [9] , a higher number of these patients suffering from chronic kidney disease, including end-stage renal disease, is expected.
Hemodialysis requires a vascular access for the removal of toxic products. There are three types of vascular access for hemodialysis: arteriovenous fistula, arteriovenous graft, and tunneled central venous access. Vascular access-related infection is a known complication of hemodialysis. These infections are associated with significant morbidity and mortality not only directly related to the infectious process itself, but also from the medical and surgical procedures required to treat this infections. Known risk factors for the development of vascular-access related infections are diabetes, low albumin level, and especially, the type of vascular access [10] . Because of the lower rate of vascular accessrelated complications with the use of arteriovenous fistula (including infectious complications) when compared with other methods of vascular access, the National Kidney Foundation Diabetes Outcome Quality Initiative has recommended the use of this type of access when possible [11] . This recommendation has been extended to HIV individuals undergoing hemodialysis [4, 12, 13] .
In order to review the effect of HIV infection in the development of vascular access-related infection on HIVinfected patients undergoing hemodialysis, we performed a systematic literature search for this review. We searched the Cochrane Central Register of Controlled Trials and MEDLINE, including articles only in English language from January 1981 to April 2008. We used the terms "HIV", "hemodialysis", and "infection". Reference lists of retrieved articles were reviewed. We reviewed articles that described rates of infection based on HIV status and type of access. Eight observational studies were included in this review [14] [15] [16] [17] [18] [19] [20] [21] , because of their emphasis in infection, rather than other complications like occlusion or thrombosis. We did not find randomized controlled trials. The total number of HIV-positive patients studied was 311. The characteristics of the studies retrieved are shown on Table 2 .
Results
The majority of the studies included in this review were performed during or after the introduction of highly active antiretroviral therapy. The effect of HIV status on hemodialysis vascular access infections is difficult to generalize, due to the small number of patient included in these studies. Based on the presence or absence of HIV infection (without distinction based on immune status such as CD4+ counts, or presence of opportunistic infections), different conclusions were found. Some studies claim no differences between HIV positive and negative patients [14, 17, 18, 20] . Nannery et al. [14] described infection rates (17%) that were similar to historical rates (6%-25%) at the time of publication. Mokrzycki et al. [17] did not find differences in the rate of bacteremia, exit site infections, or the need for catheter removal among patients with and without HIV infection. Mitchell et al. [20] did not find statistically significant differences in the infection-free time among patient with tunneled cuffed catheters, regardless of their HIV status.
In contrast, other studies have found differences between HIV positive and negative patients [15, 16, 21] . Brock et al. [15] described a significant difference in the infection rates between HIV positive and negative patients undergoing hemodialysis (40% vs. 14%). A more striking difference was found by Curi et al.: 24% vs. 3% (16) . Another article by Mitchell et al. [21] found a lower infection-free graft survival among HIV patients (hazard ratio = 3.51, 95% CI: 1.21-18.85, p=0.025). This study also suggested that HIV status is an important risk factor for infection, when an AF graft is chosen as the vascular access for hemodialysis, as compared with AV fistulas.
The majority of studies made statistical analysis based on patient's immune status [14] [15] [16] [17] 19, 21] . The results have not been uniform either. Nannery et al. [14] distinguished between HIV and AIDS patients (based on the 1987 CDC surveillance definition). The rates of infection were 40% for the AIDS group vs. 18% for the HIV+ group (although the total number of infections was four). Brock et al. [15] found a statistically significant difference between HIV+ and AIDS (defined as presence of opportunistic infections), but interestingly, the overall higher rate of infections happened in the HIV+ group (44% vs. 27%). A second analysis involving only AV graft infections was performed, This revealed an increased rate of infection based on the patient's immune status (HIV-: 15%, HIV+: 36%, AIDS: 43%, p<0.05). Mokrzycki et al. [17] found an inverse relation between CD4 count and antibiotic prophylaxis (trimethoprim-sulfamethoxazole, fluconazole, clarythromycin) and the rate of exit site infection, but not bacteremic episodes, in HIV patients with history of intravenous drug use (IDU). For non-IDU patients, only the CD4 count was inversely associated with exit site infection.
Other studies based on immune status of patients have showed different results as mentioned above. Curi et al. [16] Table 2 . Description of studies included in this review. [20] S.aureus, S.epidermidis, S.microaerophilus, E.cloacae, P.mirabilis, C.freundii did not find differences in prosthetic and autologous vascular infection rates based on the CD4 count. Eustace et al. [19] mentioned a statistically significant association between access removal and CD4 count (p=0.02), but the 95% CI suggested against such a difference (0.995-1.000). Mitchell et al. [21] described similar CD4 counts for patients with and without infection. The use of AV grafts among HIV-infected patients is definitively associated with higher degrees of infection, when compared with the non-HIV population, as described in Table 3 . None of the studies mentioned differences in the clinical presentation of infected vascular access, but a tendency for higher rates of hospitalization was noted [17, 20] . The majority of studies mentioned differences in occlusion rates, related mainly to the use of AV grafts [15, 16, 18, 19] . Potential explanations of why HIV patients may be more prone to access infections include IDU [15] [16] [17] and hepatitis B surface antigenemia [17] . IDU is associated with the development of bacteremia. Methods involved in vascular access infection include direct inoculation of bacteria into the vascular access (when the access is used as drug delivery system), and secondary seeding in the vascular access. Hepatitis B surface antigenemia may be a marker of IDU, rather than a cause of increased vascular access infection. Four studies [14, 15, 17, 20] included information about the microorganisms causing vascular access infections in this population. The results are summarized in Table 4 . The most detailed information regarding the microbiology of these infections was described by Mokrzycki et al. [17] , and Mitchell et al. [20] . The former described a predominance of Grampositive isolates (60%), particularly S.aureus (60% of Grampositive organisms). Gram-negative organisms were isolated four times more frequently than in the control group of non-HIV infected patients (22% vs. 5%), with E.coli being the most common isolate (two out of seven). P.aeruginosa was isolated in one occasion. Fungal isolates were recovered only in the HIV positive group, with C.albicans as the most common isolate (75%). In the other hand, Mitchell et al. [20] found a predominance of Gram-positive isolates, but the most common organism was S.epidermidis (66% of all Gram-positive organisms). The most common Gram-negative isolate was E.cloacae (two out of three isolates). Also, there were more mixed infections in the HIV positive group, most of them caused by two Gram-positive organisms. None of the studies mentioned antimicrobial susceptibility or isolation of multidrug resistant organisms.
Discussion
Patients with HIV infection are at risk of developing kidney disease. Some of these patients may require hemodialysis as renal replacement therapy. Most of the recommendations for the management of these patients are based on studies performed in non-HIV patients.
We have reviewed the available literature concerning the management of vascular access-related infections in HIV patients undergoing hemodialysis. From the information analyzed, we could offer some recommendations for the prevention and management of this condition.
1. When possible, an AV fistula should be the preferred vascular access for hemodialysis. This recommendation is in concordance with the Infectious Diseases Society of America guideline in the management of chronic kidney disease in HIV patients, and others [4, 12, 13] . However, it requires validation from further studies, preferably using data from the USRDS. 2. The empirical antimicrobial treatment of these infections should include coverage for both Gram-positive cocci and Gram-negative bacilli. Initial empirical antifungal medications are probably not required. Because of the lack of information regarding antimicrobial susceptibility, physicians should have knowledge of local antimicrobial susceptibility patterns to guide their antibiotic choice.
Since the rate of infection and colonization with methicillinresistant S.aureus (MRSA) in the community has increased dramatically [22] [23] [24] , a combination including a glycopeptide and a β-lactam or a fluoroquinolone with Gram-negative activity seems to be a reasonable empirical choice. 3. There is insufficient evidence to suggest the routine use of antimicrobial prophylaxis for all HIV patients undergoing hemodialysis, as only one study noted a decline in exit site infections with their use [17] . 4. A high index of suspicion for vascular access-related infections among HIV-infected patients is required, particularly among those with poor immune status, history of IDU, and use of AV fistula. The clinical presentation among these patients has not been well described, although it is assumed to be similar to non-HIV infected patients. An early diagnosis might translate in decreased morbidity and decreased hospitalization time. We do not have elements to recommend a more or less aggressive surgical treatment different from the non-HIV infected individual.
Conclusions
Vascular access-related infections are an important medical problem in the management of patients with HIV undergoing hemodialysis. The studies in this area suggest the benefits of using an AV fistula as the preferred vascular access method; however, the small size of these studies limits the strength of this conclusion. The most common organism involved in these infections are Grampositive organisms like staphylococci and streptococci, but Gram-negative bacilli and fungi have been described as well. The clinical manifestations do not seem to differ from non-HIV-infected patients. Suggested antimicrobial treatment should include Gram-positive and Gramnegative coverage. Given the small amount of published articles, additional studies to validate our conclusions are required.
